Abstract. In the case of the metallurgical, mining and engineering industries the instrumental studies results of disperse composition of the emissions are described, normalized fractions PM 2.5 and PM 10 are isolated. Values of the sedimentation coefficients for fine particles with different properties are clarified. It is shown that the use of data on dust dispersed composition and reasonable sedimentation coefficients improves the accuracy of calculations by 1.5-2.5 times. The described approach can improve the accuracy of influence zones for industrial enterprises dust emissions and exposure assessment.
The danger of fine particles for human health has been proved by various multi-year Russian and foreign studies [6, 9, 13-15, 17, 22] . It was determined that the size of particles as wells as their chemical conent and shape is an important factor in determining the health effects [13, 14, 22] . The studies show that fine particle fractions -sized less than 10 (РМ10) and 2.5 micron (РМ2.5) present the biggest health hazard because of their prolonged presence in the atmosphere, long-range transportation and ability to penetrate in the lower pulmonary passages, and reach the bronchi and alveole [9, 15, 17] .
Today consistent assessment of public exposure to fine particles in the Russian Federation is challenged by the lack of real data on particle size distribution of industrial emissions. Available information is not consistent with the technological processes and used materials [10] Health Risk Analysis Scientific and methodological approaches to risk analysis enterprises in Prikamie included the data on the size content of dust emissions in the inventory list of emission and discharge sources and, accordingly, fine dust was not taken into account when developing the standards for the maximum permissible concentrations in the sanitary-protection areas.
Current situation prevents consistent hygienic assessment of possible effects of the atmospheric air chemicals in the area of close proximity to the solid particle industrial emission sources.
The purpose of the research was to develop methodical approaches to the assessment of health effects of fine dust in the areas of exposure to industrial stationary pollution sources based on a scientific analysis of the particle size distribution and component composition of dust-and-gas mixes.
To reach this objective, we took the following steps: determined the fraction composition of dust-gas emissions indicating the regulated РМ 2, 5 and PM 10 fractions; determined the mass emission of РМ 2, 5 and РМ 10 particles (g/s, t/year); validated the correct sedimentation coefficients depending on the particle-size distribution of dust and emission factors; and, finally, assessed public exposure in the affected areas.
The objects of the research include machine-building, mining and iron-and-steel enterprises in Perm and Perm Region.
Materials and methods.
Production processes at the industrial enterprises were studied based on the analysis of technical documentation followed by a field study of the industrial facilities to identify the sources of dust emission, analyze their technological characteristics and operation environment. On the sources of dust emission, we conducted a direct instrumental survey of the emissions. The selection was made with the use of a twin-cyclone separator in successive separation of the particles of various fractions and filters with respective pore sizes and characteristics that allow maintaining the particle size of emissions. The period of sample selection was determined by the intensity of dust release on the source and constituted [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] minutes; the sampling rate totaled 20 in 3 /min. Air sampling was conducting was conducted at the maximum proximity to the source of dust release. We probed up to 5 repeat samples on each source, created one averaged (proportionated) sample which served as the base for all the calculations.
Evaluation of the total volume of dust released per unit of time was conducted with the use of gravitational method. The particle content of dust emission was determined with the help of laser particle size analyzer Microtrac S3500 (with a size range from 20 nm to 2000 µm). The results of the particle size analysis are used to calculate the mass concentration of РМ 2,5 and РМ 10 particle fractions. The quantitative evaluation of the particles of the regulated fractions was conducted by determining their maximum one-time (g/s) or gross (t/year) emission in accordance with the standard methods [6] .
The proper coefficient of the dust sedimentation rate (F) was selected when preparing for the calculation of emission dispersion of fine particles from industrial sources as a ratio between the sedimentation rate of specific-size particles and critical wind velocity calculated in accordance with standardized methods. The sedimentation rate of globule particles was calculated based on the Stock's law formula where the rate of particle sedimentation depends on their diameter and density as well as the properties of the sedimentation medium. The shape of the particles determined with the help of an electronic microscope was taken into account in the Stock's law formula by adding an equivalent diameter defined via  coefficient with a value of 1 through 2.9 [4].
The sedimentation rate of each dust fraction was calculated based on standardized methods used in Russia [7] and programming tools that implement pollutant dispersion algorithms in the air.
The calculations were made in several points at the borders of sanitary protection zones of the enterprises and at grid points of the enterprise location within a radius of two kilometers (area of expected pollution).
When evaluating public exposure, we used the values of maximum one-time or daily average maximum permissible concentrations MPC mo and MPC сda which total respectively 0.16 and 0.035 mg/m 3 for РМ 2, 5 ; and 0.3 and 0.06 mg/m 3 for РМ 10 1 and are brought into accordance with the reference levels recommended by the World Health Organization [9, 21] .
The level of exposure was mapped and analyzed on the basis of ArcGIS 9.3 mapping platform with the use of vector area maps that show the locations of stationary dust release sources, the borders of sanitary protection zones, residential buildings, social, cultural and recreational buildings as well as the number of residents.
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In 2011-2013, we analyzed over 600 dust samples released by technical devices, machinery and other sources; we conducted over 200 exposure evaluations in the areas affected by industrial enterprises.
Results and discussion. When analyzing the technical processes, we determined the following:
-the sources of particulate emission at iron and steel enterprises include agglomerative production (sintering plant), iron smelting, iron to steel processing, blast-furnace processing See Table 1 for the fractional makeup of dust emissions at iron-and-steel enterprises.
T a b l e 1 Characteristics of the particle size distribution of dust from technological operations at metallurgical enterprises It was determined that for the dust produced at the metallurgical enterprise under study, the median particle size ranged from 1.00 ('smelter slag load' procedure) to 200.00 µm ('agglomeration' procedure). The content of РМ 2,5 fractions ranged from 0 to 78%, РМ 10 -from 8 to 84 % depending on the technological operation and used raw materials.
See figure 1 for a sample bar chart that shows the particle size distribution of dust from flushing of slag. The sizes of the particles in the emissions of dry sections at mining enterprises were as follows: 0-21% -particles sized less than 2.5 µm; 0-49% -particles sized less than 10 µm; 51-100% -particles sized more than 10 µm ( Table 2 ).
The median particle size of dust for various technological processes was measured in the range from 10.00 to 450.00 µm.
The fractional composition of the dust obtained in the course of studies at the machinebuilding enterprises is shown in Table 3 . The median particle size of dust in the emissions of machine-building enterprises from various technological metal-working processes ranged from 80 to 300 µm.
Overall, based on the study of various technological operations, the emissions from stationary sources at machine-building enterprises contain from 0 to 13 volume percent of РМ 2, 5 particles and from 0 to 40% РМ 10 particles. The biggest share of fine particles is registered at the welding sections (up to 70%).
Emissions at all the enterprises under study contained particles of various shapes: globular, angular, elongated, tabular, combined, etc ( Figure 2 ). T a b l e 3 Characteristics of the particle size distribution of dust from some technological operations at machine-building enterprises Figure 2. Examples of dust particle shapes identified via electronic microscopy (a -globular, b -combined, c -elongated) In most cases, dusts included a wide range of nano-sized particles (Figure 3 ).
The sedimentation coefficients calculated for separate types of dust fell in the range from 1 to 2.0. In a number of cases, the newly established coefficients were by 2.0-2.5 times different from the ones used before; for the latter, the fractional composition was not determined which had a great effect on the calculation of the atmospheric diffusion and, accordingly, on the values of the ground-level doping concentrations.
Calculations of the dispersion of dust from the sources under study at the machinebuilding enterprises with the account for the obtained data on the fractional composition suggests that in unfavorable environmental conditions, the maximum ground level РМ 10 concentration at the borders of the sanitary protection zone totaled 1,5 MPC maximum one-time . When integrating the calculation data for dispersion and electronic layers characterizing the population, it was determined that 1286 people reside in an area with poor hygienic standards just outside of the sanitary protection zone. Based on the data, we reviewed the results of earlier sanitary-hygienic assessments which had revealed no hazardous air pollution levels ( Figure 4 ).
The obtained data confirmed the hypothesis that it is necessary to take into account the particle distribution of dust when validating the sanitary-protection zone projects and maximum permissible concentration standards since in the areas of dust exposure, the distance of 50, 100
and 200 meters often might be considerable from the legal and hygienic points of view [2] .
Conclusions. The majority of dust-and-gas emissions at the metallurgical, machinebuilding and mining enterprises under study contained small dust fractions -up to 80% РМ10 and up to 40% РМ2,5. The particle distribution of emitted dust is heterogeneous and depends on the specific technological process and used devices, tools, and raw materials.
Emissions from many technological processes contained nanoparticles. This fact requires
special-target studies to analyze their impact on the employees and the population at large. 
Health Risk Analysis Scientific and methodological approaches to risk analysis
Reporting on the fractional composition of dusts significantly increases the accuracy of the borders of exposure areas around the sources of emission as well as the accuracy of public exposure to hazardous fractions of solid emissions.
Introduction of the assessment of fractional composition of dusts into the validation of standards for maximum permissible concentrations and sanitary-protection zone projects should be considered as a tool to improve public sanitary and epidemiological well-being.
